Early years a n d sc h o o lin g Jack considered he had had a good childhood. Prep school was greatly enjoyed. He learnt to play rugby football, which remained his favourite sporting activity through school and university. In 1923, when the family settled in Leeds, he moved to Leeds Grammar School, where he found himself much ahead of his contemporaries in school work. He came greatly to dislike living in a big industrial town with all its murk and dirty air so that, in later life, during his time in Sheffield, he did not live in the city but out in Derbyshire. In Leeds, he and his young brother Frank became very fond of the open moors and landscape of the Pennines, and spent much of their holidays walking and camping.
At Leeds Grammar School, and especially because of the excellent grounding he had received at Prep school, he was encouraged to proceed up the school as a classicist. But when he entered the sixth form he decided, against all advice, to switch to science since he had previously enjoyed the lessons in physics and chemistry. He started biology in the sixth, finding it especially enjoyable and, to his surprise, he was well regarded at it. His three biology teachers at Leeds were very different. Frankie Hoggett, originally a chemist, was good with the intending medical students who formed the bulk of the class. A.P. Graham, a Cambridge zoologist, left a lasting impression with his ability to draw complex organs and skeletal systems on the board. He used to give Jack a batch of books to read with requests to discuss them especially if Jack disliked or disagreed with them (a technique Jack later used as an Oxford tutor). Johnnie Lee, a Cambridge geographer, taught plant biology with great skill and enthusiasm. Like that of Graham, his teaching extended well beyond the confines of the examination syllabus, particularly gaining the interest of those who did not wish to become doctors but, like Jack (and Michael Abercrombie), had taken to biology. Lee followed Jack's career with interest and, in 1951 when Jack published an account of mycorrhiza in The School Science R e v i e w , re-established congratulating him on the clarity of the article. Another important influence was the senior history master, D.L. (Bill) Tough (Jack enjoyed history but failed every exam he took because he disliked memorizing the necessary details). Bill used to take parties of boys including Jack on walks to view battlefields, abbeys, old churches and the countryside. Idyllically, they also picnicked and bathed in streams. Bill Tough strongly encouraged Jack to take the Oxford scholarship exams and his Uncle Jack likewise urged him to make the effort. So, after sitting the Higher School Certificate, Jack worked hard for the Oxford exams. This was not easy because of the distractions of his many responsibilities: Prefect and House Captain, member of the 1st XV Rugby team, calls to take junior classes when some member of staff was sick and so on. It was great training in the efficient use of time, a lesson which Jack never forgot. He learned to work early in the morning, a habit that he continued throughout his life, sometimes to the consternation of research collaborators at home and abroad who found they were required to help collect and prepare material for experiments soon after first light.
Jack's hard work was rewarded by an Open Exhibition to Wadham College, Oxford. This, combined with a Leeds City Scholarship and a Leeds Grammar School Leaving Scholarship, brought him £180 per year, about £40 short of what was then considered necessary. Like to many other students from Northern industrial towns, the impact of Oxford -with its clean air and marvellous buildings -was one of enchantment.
Oxford undergraduate
Coming up to Oxford in 1930, Jack was unsure whether to read zoology or botany. He was interested in practical physiology and biochemistry but Oxford zoology seemed very much locked into comparative anatomy. During oral and practical examinations, he met two distinguished zoologists, E.B. Ford and G. de Beer, neither of whom attracted him. Ford said 'When I read your first two questions, I thought you might be quite good, but I soon realized you couldn't read, write or spell'. By contrast, encounters with Oxford botanistsa viva with Professor A.G. Tansley and meeting A.R. (Roy) Clapham -were enjoyable. 'These unimportant things inclined me to Botany' wrote Jack in his autobiography. Much later on, when he got to know E.B. Ford as a colleague, he was full of praise for him as a scholar and as a scientist.
The Oxford Botany School in the early 1930s was still somewhat archaic but beginning to waken under the leadership of A.G. Tansley who had become Sherardian Professor in 1926. Tansley had introduced some quantitative science by appointing W.O. James (later F.R.S.) to teach plant physiology. He also appointed Roy Clapham (later F.R.S.), whose prodigious knowledge and skill as a teacher of a wide range of subjects (plant morphology, genetics, cytology, ecology) was another major influence on Jack.
Certainly, Tansley's attitude to the teaching of botany, as outlined in what became known as The Tansley Manifesto of 1917 (see A.D. Boney (1991 , New Phytologist 118,3-21) and as reflected in the characters of the staff whom he appointed, became imbued in Jack. He remained, for example, profoundly sceptical of phylogenetic speculation, indeed of any speculation that did not immediately generate an experimentally testable hypothesis.
The mycologist on the staff was W.H. Wilkins, about whom Jack had very mixed feelings. Wilkins provided a sound mycological education through well-planned and interesting laboratory and field classes, but he thought physiology and biochemistry (always among Jack's fundamental interests) beneath contempt as reputable subjects and his knowledge of biology outside fungi was very superficial. Nevertheless, it was Wilkins who encouraged Jack to become interested in mycology. Jack intended to study the distribution of basidiomycetes with respect to factors such as vegetation and soil. In the Autumn of 1931 -while still an undergraduate -he started work on the effects of pH on fungi in culture, leading to a paper which was submitted to the examiners of the Christopher Welch Research Scholarship, and later became his first published paper in 1934.
The The award of the Christopher Welch Research Scholarship provided for four years' postgraduate work but Jack faced a similar dilemma as a starting postgraduate as he had as an undergraduate -what subject to pursue. In the event, Tansley and Clapham, influenced by his notable undergraduate researches into the ecology of fungi and of woods, and his paper on the culture of fungi, persuaded him to take up research on the mycorrhiza of the beech ( Fagussylvatica) for his D. Phil. However, mycorrhizas would not have been Jack's personal choice, for he would have preferred to have worked on the physiology (respiration and nitrogen absorption) of fungi. However, since Wilkins -who would have to have been his supervisor -was ignorant of physiology, Jack felt that he had been 'overpersuaded' to work on mycorrhizas. In the event, Wilkins seemed disinterested in mycorrhizas and was little help. The result was Jack's profound dissatisfaction with his D.Phil. work on mycorrhizas. He considered it poor and of little value, rarely letting others read it. Tansley, as the internal examiner, volunteered to Jack the opinion that he now realized that the subject was too complex for a D.Phil. and that real progress would need 'ten years and several helpers'.
Not surprisingly, Jack then changed his topic of research. If he was eventually to continue with mycorrhizas, he would still have to learn more about the metabolism of hyphal fungi. So he began to investigate the nitrogen metabolism of Neocosmospora vasinfecta, a little-known fungus which he had found to be excellent experimental material during his undergraduate researches. This work on Neocosmospora was never published but it was the foundation for his later studies on the physiology of mycorrhizas. By today's standards, the methods used were extremely cumbersome, requiring long days and nights for few results. Looking back in his autobiography, Jack was reminded of the words of Samuel Johnson (on women preachers): 'It is like a dog walking on his hinder legs, it is not done well but you are surprised to find it done at all'.
Ecological studies alternated with lab work and, in 1935, research with Ted Yemm was initiated into Thornton Mire and Huker Mire in Wensleydale. The stimulus was interest in bog vegetation and vegetational history, for pollen analysis was just becoming a real subject. It was continued with various other colleagues up until 1940, when it was written up for publication before Jack and Ted disappeared into the army. Indeed, the paper was actually written jointly in the Harley's flat while they were listening to the broadcast of Hitler's invasion of Denmark. They liked the word 'debouching' used in the broadcast (referring to troops 'fanning out') so the phrase 'debouching from the mire' was included in the paper.
In 1937, when the Christopher Welch scholarship ended, Jack was awarded an 1851 Studentship, which secured his future until 1939 when he was appointed a Departmental Demonstrator in Botany. This period saw some ecological work on chalk grassland with John Hope-Simpson and then some major experiments on Fagus involving pot and field studies of topics such as root competition. This generated vast amounts of plant material for analysis which were carefully preserved until after the war. It then gave Jack a sinking feeling for a year or so until some advice from Peter Medawar led him to destroy the lot with a hammer (and no regrets!).
One particular event shone brightly through the threatening mists of war which began to envelop this period, and that was his marriage. His wife, Lindsay, had been a year behind him as a student but his first real encounter was in 1933 during a walk along the Marston Road which continued to Elsfield, lunch at the pub in Noke, and home in the evening. Romance blossomed but marriage remained out of the question until Lindsay's family were convinced that his finances were adequate. The award of the 1851 studentship of £400 per annum in 1937 overcame this obstacle, and they were married in 1938 -a partnership which, for the rest of his life, brought them both great happiness. The outbreak of war coincided with his appointment as a Departmental Demonstrator in Botany. The period of the 'phoney war' passed in some desultory research and teaching, as he awaited the civilian work for which he had been 'reserved'. The Battle of Britain saw him participating in a survey of forest resources in central southern England. But Jack's temperament was unsuited to sitting on the sidelines and he had concluded there was no real war-work for him to do as a civilian. By mutual if anguished agreement with his wife, he applied to be 'de-reserved' and was summoned to appear before a tribunal chaired by the Master of Balliol, Lord Lindsay.
W ar service, [1940] [1941] [1942] [1943] [1944] [1945] He joined the Royal Signals in October 1940, carrying out initial basic training in Catterick camp, Yorkshire, and Officer Training at Mons Barracks, Aldershot. Training was hard, but enjoyed because of the sense of team spirit in a tightly knit squad. His daughter Sarah (Sally), was bom during Jack's Officer Training. Lindsay was staying with Roy and Brenda Clapham for this event; it was only one of their many kindnesses. During this period, sporadic attempts were made to tempt Jack back to civilian work but these he rather resented. After being Commissioned in 1941, he proved a very competent, all-round regimental signals officer, serving with various units in the UK. In May 1942, he was promoted Captain, commanding a signals section where his charges included a loft of carrier pigeons and a fleet of motorcycle dispatch riders. In February 1943, he was summoned to join the Army Operational Research Group (AORG) commanded by Colonel (later Brigadier) Basil Schonland (later F.R.S.). After some specialist training, he and four or five others were formed into No. 1 AORG to be sent out to India, leaving the UK in May 1943. After arrival in India and a period of some months which included a jungle training course, he was sent to Imphal in Burma to be part of No. 10 AORG. Jack was the signals expert in this group and his brief included the study of defects in signals equipment and the need for spares, as well as other problems posed from England and HQ in New Delhi. This required extensive travel in the Burma theatre of campaign, including visits to units actively engaged in combat with the Japanese. A thousand-mile drive by jeep to the Arakan, completed in three days, remained a clear memory, as did another occasion when advancing Japanese cut off the road on which he had just travelled forward. Because of the general shortage of signals officers, he also frequently helped the units which he visited with routine signals matters.
Work in Burma was interrupted by travel to the USA in 1944 to visit manufacturers of some of the equipment under use. He returned to Burma via the UK (where he saw for the first time his son of eight months, Richard, who is now a physicist at Southampton University). Jack was greatly disappointed to learn that many of the substantial reports he had written had not been seen by those who needed them; for example, he was asked by a Research and Development establishment the very questions that his reports had answered in detail. Back in Burma, the active service units he visited were now advancing rather than retreating. In December 1944, he planned the signals for the crossing of the Chindwin River by the 11 East African Division. Sometimes they were under attack from Japanese fighter planes. Early in 1945, as plans were being made to cross the Irrawady River and capture Mandalay, to his chagrin he was posted to Kandy in Ceylon as a staff officer at the Headquarters of Supreme Allied Command South-East Asia, and he was promoted Lt. Colonel. The HQ was located in the Botanic Gardens and, for a time, life was more leisurely. He had the enriching experience of a visit with some colleagues who were professional foresters to the northern half of Ceylon to study the terrain and vegetation of areas which had been photographed by air intelligence.
The end of the war with Japan brought a sudden period of intense activity and also work which he thought most worthwhile. Jack was put in charge of an office to collect statistics of the health, nationality, etc., of allied servicemen in Japanese PoW camps. This enabled plans to be developed for the need for rations and requirements for transport to different countries.
Then it all ended abruptly in September 1945 when he and others were suddenly ordered home for immediate release from the army. He arrived back and was demobilized just two weeks before the start of the academic year in Oxford.
Army Service clearly had a major impact on Jack and it is worth quoting some of his thoughts about it:
I have often wondered whether my efforts in khaki reduced the length of the war by a single microsecond or reduced casualties by as much as one broken fingernail . . . my first efforts as a regimental signals officer in England may have had some value . . . [But] when I consider my efforts as a member of the Army Operational Research Group I always become somewhat despondent, because all the effort that we put into our work depended on someone else making use of our conclusions . . . The reports about recurrent defects of signals equipment and the supply of spare parts would certainly have provided much needed information ... But was this information used? I gravely doubt whether much or any of it was used . . . From all this I conclude that in so far as my efforts did anything for others, it was only in the last few weeks when I helped forward the recovery of prisoners-of-war that were really valuable.
As for myself, I grew up in self-confidence without feeling any older. I remained young in spirit, behaviour and outlook, whatever I looked like, and I was extremely fit. I had moreover learned to be more precise in explanation and more concise in my writings, and also appreciative of ordinary life and livings. O x ford The Oxford term began 14 days after Jack's return from Ceylon and he already had to start giving tutorials and preparing lectures. It was very hard work. Five years' absence from academic life meant there was a great deal of rapid learning and the standard of students was very high. The courses that he was obliged to teach covered a wide range of subjects including angiosperm taxonomy, the algae and ecology (but not mycology, still taught by his former tutor, Wilkins). As well as local ecological field classes, he also ran courses in Pembrokeshire and Norfolk. With time, other appointments to the Oxford Botany Department, such as E.F. Warburg in taxonomy, reduced the load. However, he was not able to teach mycology until after Wilkins retired in 1951.
While he was still in the army in 1944, he had been invited to call on the Provost of Queen's College concerning the Browne Research Fellowship. There was only time to telephone while passing through the UK, when he was told that the College would keep him in mind for the Fellowship. He was asked to contact the College again on return from the army. After arriving back in Oxford, Jack had given up hope of being elected to the Fellowship and neglected to tell Queen's of his return. It was not until May 1946 that the College discovered he was in Oxford and told him that they had expressed the intention of electing him to a Fellowship soon after the phone call in 1944. So, in the Autumn of 1946 began a happy 19-year relationship with the College, first as Browne Research Fellow and then as a Tutorial Fellow from 1951 onwards.
The Oxford Botany Department began to flourish after the war under the leadership of Professor T.G.B. Osborne. Some good appointments to the staff were made and the move of the Department from the Botanic Gardens to a new building in 1951 was a further stimulus to activity. However, in 1954, Osborne retired and was succeeded by C.D. Darlington, F.R.S. This appointment upset many of the staff and a number left in the next few years to go to other institutions. Darlington believed that the teaching and the research of the Department were impossibly archaic. Jack's work was considered irrelevant to the study of Botany and Darlington also thought that mycology should be taught only in so far as it contributed to genetics. In 1958, when Professor G.E. Blackman (later F.R.S.) offered him a vacant post in the Department of Agriculture in Oxford, Jack had no hesitation in accepting.
Starting up research again after the war
At first, Jack began to recapture his knowledge of plant physiology and biochemistry, especially the physiology of absorption and its relation to respiratory metabolism. He also became re-acquainted with soil microbiology, especially in relation to roots. Meanwhile, there were research students to be supervised. The first was Geoffrey Dimbleby (later a Professor in London University's Institute of Archaeology) who applied palynological methods to the study of soils and the history of vegetation on them; Jack supervised him because there was no one else to do so. F.A.L. Clowes, who later joined the staff of the Department and remained there until retirement, investigated the anatomy, histology and apical growth of beech roots, and the differences between them and ectomycorrhizal apices. J. Warren Wilson (later Head of Biology at the Australian National University) showed that mycorrhizal colonization did not provide the causes for all the morphological and histological differences between mycorrhizal and uninfected roots which had been so clearly described by Clowes. Jack regretted not publishing this work until 1983, especially since the conclusions ran counter to the prevailing orthodoxy (with which Jack always disagreed) that anatomical differences were due to growth substances produced by the fungi.
Jack's own experimental work began with examining the populations of fungi living as mycelia on roots and mycorrhizal surfaces, with the aim of separating fungi only present as spores or propagules from those which were physiologically active. An early collaborator was J.L. Harper (later Head of Botany at University College of North Wales and F.R.S.). They devised a simple washing technique to investigate organisms in the rhizosphere which was later used by one of his graduate students, John Waid, and became known as the 'Harley and W aid' method, the paper describing it becoming a 'citation classic'. In this, Jack describes how the method was developed from his pre-war efforts.
From 1938 to 1939 I attempted to clean the surfaces of ecto-mycorrhizas using a method in which mycorrhizal roots were hung in a tube through which sterile water flowed while the whole apparatus was shaken mechanically. The method, although reasonably successful for isolation of mycorrhizal fungi, was tedious and the apparatus reminiscent of those of Heath Robinson. It was called 'Alph' by laboratory wags after 'Alph, the sacred river' that 'ran through caverns measureless to man, down to a sunless sea,' as described by the poet Coleridge (in Kubla Khan).
The large number of isolates arising from this work led to problems of taxonomy and identification. After a conversation with Noel Robertson who had similar problems, Jack concluded that this was a problem for life, 'but not my life'.
The initiation o f research into nutrient absorption and respiration o f excized beech mycorrhizas
Several key factors contributed to the genesis of the research programme which transformed understanding of the physiology of ecto-mycorrhizas. Firstly, in the spring of 1947, Munro Fox, the Editor of Biological Reviews, invited him to write an article on mycorrhizas. 'I felt, at first, that this was beyond me at that time' wrote Jack. 'But, being constitutionally unable to admit my inability to do something that I ought to be able to do, I agreed'. He spent six weeks of the long vacation breaking the back of the reading, and then started to write. 'As a result I not only recovered my knowledge of mycorrhiza but was able to formulate new ideas and a new outlook on what was known and on what might be worth doing in the future'. The review was published in 1948, attracting a lot of favourable attention, including a complimentary letter from R.L. Starkey (Professor of Agricultural Microbiology at Rutgers University, New Jersey, USA) and the start of some close friendships such as with Alden Hatch in the USA, Erik Bjorkman, Gosta Lindeberg and Elias Melin in Sweden, and Denis Garrett (later F.R.S.) in Cambridge.
Secondly, he formed a close friendship with the plant physiologist Harry Beevers, who was working as a post-doctoral researcher in the laboratory of W.O. James. Beevers, like Yemm earlier, gave him an excellent grounding in experimental techniques, especially Warburg respirometry. 'In 1948', wrote Jack 'I began to feel more capable of pursuing my own work on beech m ycorrhiza'. He also developed and retained an interest in cyanide-resistant respiration which Beevers was then studying in the spadix of Arum maculatum (see below).
Thirdly, C.C. McCready came to work with him as a graduate student in 1948, starting a productive research association which persisted on and off for 30 years. With the co-operation of R. Scott Russell, who had set up a radiotracer laboratory in the Department of Agriculture, they were able to overcome one of the most important difficulties in the physiological study of mycorrhizas -the need to work with small quantities of material. Using excized mycorrhizal roots of beech collected from natural woodland, they began to study uptake of phosphate, which was selected for two reasons: it was an essential ion in low concentration in the soil solution which had already been shown by Hatch to be more readily absorbed by mycorrhizal roots than non-mycorrhizal ones; and P was a radioisotope with a suitable half-life and one which was already being used by researchers in the Department of Agriculture. They were able to work with lower nutrient concentrations than had been used before in experiments with mycorrhizas and soon showed that phosphate absorption and metabolism were interdependent. Autoradiography demonstrated that mycorrhizal root tips accumulated 32P at a much greater rate than uninfected tips. At Jack's instigation, McCready devised the dissection technique which enabled quantitative separation of the fungal sheath from the host core tissue of ectomycorrhizal roots. This was to become invaluable in later studies of transport of both phosphorus and carbon between host and fungus, as well as comparisons between infected and uninfected roots.
From that point on, Jack worked with a succession of very able graduate students on a whole variety of relevant topics such as the effects of nutrient salts on respiration and associated changes in internal carbohydrates, effects of inhibitors on respiration, uptake and loss of monovalent metals, uptake of carbohydrates, transport of carbohydrate from plant to fungus, nitrogen metabolism, identification of phosphate compounds in host and fungus, and isolation of mitochondria. The result was a comprehensive understanding of the physiology of an ecologically very important nutrient-absorbing structure. Home-made apparatus was a particular feature of his laboratory (see reference to 'Alph' above); others included 'Morton's Fork' or simply 'The Morton' (named after the policy of taxation devised by the 15th Century Archbishop of Canterbury and Lord Chancellor under Henry VII). This was a device for controlling the rate of aeration of experimental samples of roots.
He was meticulous in the application of new techniques and went to considerable trouble to master them. For example, after A.J. Willis, working with Ted Yemm, had made improvements to the anthrone procedure for determination of sugars, he went to Bristol to learn all aspects which he subsequently taught to a succession of students, a good example of his thoroughness and rigour in experimentation.
Not all graduate students worked on mycorrhizas. Some, such as K. Budd, investigated (and adopted as a life's work) the physiology of the fungus Neocosmospora vasinfecta, whose value Jack discovered in his own undergraduate research. J.H. Walsh worked with Chaetomium globosum, while D.C. Smith (later F.R.S.) started work on the carbohydrate physiology of another fungal symbiosis, lichens.
In 1955, Jack wrote a full-length book on mycorrhizas, much of it in the sunshine of the lovely garden which he and Lindsay created at the house in Old Marston, Oxford, into which they had recently moved and where he would spend the rest of his life (apart from his brief sojourn in Sheffield -see below). When it was published in 1959, it was the first completely readable account of mycorrhiza which separated credible experimental results from fiction and speculation, and was the stimulus to many to become interested in the subject.
A very profitable sabbatical leave in 1961 was spent with Harry Beevers at Purdue University, Indiana, USA. In a recent Festschrift to mark the retirement of Harry Beevers ( 'Molecular approaches to compartmentation and metabolic regulation' (ed. A.H.C. Huang and L. Taiz), Am. Soc. Plant Physiologists.), Tom ap Rees, one of Jack's postgraduates and currently Head of the Cambridge Botany School, wrote in relation to one of Harry's many contributions to plant physiology, the study of plant respiration, Two key pieces of work stand out. First, working with David MacLennan and Jack Harley, Harry showed that when [1-14C] acetate was supplied to plant tissues, the specific activity of the respired 14C 0 2 exceeded that of some of the cycle intermediates that could be extracted from the tissue. These intermediates were the acids accumulated by the tissues. These results provided unequivocal proof of the compartmentation of organic acid metabolism in plants.
(The second of the key pieces of work cited by Tom ap Rees did not involve Jack Harley.) In the same Festschrift, Barry Osmond, F.R.S., and Ulrich Liittge, two eminent plant physiologists and biochemists, similarly speak highly of this work -'We were aware that MacLennan, Beevers and Harley had provided definitive, now classical, evidence for the compartmentation of organic acids in rapid turnover and slow turnover pools.' In this way, Jack was involved in the initiation of highly significant developments in the study of cytoplasmic-vacuolar interactions in plants, a field still active today. On return from this visit to the USA, Jack was able to meld his newly acquired knowledge of techniques concerning organic acid metabolism with his already developed interest in the nitrogen nutrition of mycorrhiza to initiate studies with Bailey Carrodus which eventually led to a better understanding of the flux of nitrogen between mycorrhizal fungus and root.
After his return from sabbatical, Jack suddenly found himself appointed an Editor of The New Phytologist, a journal which was founded in 1902 by Sir Arthur Tansley who edited it alone for 30 years before he handed it over to three botanists (A.R. Clapham, H. Godwin and W.O. James, all later to become F.R.S.) with £100, the goodwill and its back numbers. They looked after its affairs for a further 30 years until, in 1961, Jack Harley received a phone call from Roy Clapham, 'When are you coming to Sheffield to take over The New PhytologistT. This was the first he had heard of this proposition since neither of the other editors had yet written to him as Roy Clapham had expected. Neither had letters been sent to Jack's designated co-editors, J.H. (later Sir John) Burnett and Donald Pigott! However, it is the journal's, and subsequent editors', good fortune that Jack indeed did take on the job. He remained an editor until 1983 and an advisor to The New Phytologist Trust for the rest of his life. In the early 1960s, one volume of about400 pages was published. When he retired as an editor, not only were three volumes with over 2000 pages produced but also the finances of the journal were sufficiently secure for a Tansley Fund to be set aside with a number of specific objectives to foster and finance activities concerning the plant sciences other than publishing papers. The success of The New Phytologist as the world's most influential broad spectrum botanical journal owes much to his guiding influence in a period of great expansion. In 1992, The New Phytologist Trust endowed an annual prize for undergraduates studying plant science at Oxford to commemorate Jack's massive contribution to the journal.
In 1964, he was elected a Fellow of the Royal Society, an event celebrated by a surprise dinner for him by many of his former associates and co-workers, including Harry Beevers then on sabbatical leave in England. However, the latter part of this period in Oxford saw a rapid growth of administrative burdens, as inevitably happens to conscientious academics of sound common sense, shrewd judgement and courageous honesty. While on sabbatical in the USA in 1961, he was elected to the University's General Board of the Faculties, which also entailed membership of various subsidiary committees. Additionally, there was the College governing body and its committees. He reached a point of nightmares about committees. Sheffield 1965 Sheffield -1969 At various times since the late 1940s, Jack had been invited to accept vacant chairs in botany at home or abroad: one in Australasia, two in Africa, one in Wales, one in Ireland, three in the north of England. He refused all such offers, despite pressure from professional colleagues, because he had no wish to get mixed up in more departmental or university administration. As his friend Henry Harris put it, he wanted to be left to 'break his own glassware' in the laboratory.
However, he accepted a pressing invitation from his old friend Roy Clapham to become the second Professor of Botany at Sheffield. The invitation made it clear that he would be as free as possible from administration and would be expected primarily to encourage an active research school at Sheffield. However, the plan that he was to concentrate on research and have negligible administrative duties was immediately doomed to failure because Roy Clapham was elected acting Vice-Chancellor of the University at the time of Jack's arrival. Roy's heavy duties, not only to the University but also to a range of government committees, precluded his full concentration on the Department. It was profoundly disappointing to Jack that his research at Sheffield never developed the momentum that he would have liked. Instead, he found himself having to carry out tasks such as the supervision of the re-designing and re-organization of each and every laboratory in the department. In these tasks, he complemented Clapham's genteel and considered approach to departmental affairs with a need for action. His approach lifted the Department to a new level of activity which it still retains. He showed much interest in the work of others and exerted pressure to publish. Among those whom he influenced was Harold Woolhouse, later Professor in Leeds, Director of the John Innes Institute, Norwich, and Director of the Waite Agricultural Research Institute, Adelaide, Australia (where Jack's daughter, Sally, had been working for many years). Woolhouse recalls a typical piece of instant action by Jack. One day as he (Woolhouse) struggled to get a joint practical class ready while Jack lectured, the motor-bike gearing of one of the ancient Warburg apparatus burnt out. When Jack came to the laboratory, he saw the mess, uttered an oath and disappeared. Half an hour later, he reappeared. 'Go and order another set, H arold; I 've ju st got £1500 from the Vice-Chancellor'. Inevitably, there were moments of tension between Roy Clapham (the thinker) and Jack Harley (the doer) but each understood and respected the strengths of the other.
In his overall planning of the expanding Department, Jack was very fair with the Nature Conservancy (later NERC) -funded Grassland Research Unit (later Unit of Comparative Plant Ecology) which had been set up in 1961 by Roy Clapham with Ian Rorison, whom Jack had taught as an undergraduate, as its Director. The suite of growth rooms then established was, for its time, among the best in a British University. Later, before he returned to Oxford at the same time that Roy Clapham retired, he campaigned that an ecologist should be appointed as Head of Department so that there would be continued support for the Unit. His campaign was heeded and Arthur Willis, a former research student in Bristol of Jack's postgraduate colleague and life-long friend, Ted Yemm, was appointed. Earlier, Jack had brought his former research student, D.H. Lewis, to Sheffield and when Arthur Willis himself retired in 1987, David Lewis succeeded him. Jack also encouraged another member of the Sheffield staff, D.J. Read (later Professor and F.R.S.), who had independently developed an interest in mycorrhiza and is now a world authority.
Away from Sheffield, Jack's duties on governing bodies of institutes, committees of the Royal Society and the Science Research Council, absorbed increasing amounts of time. Even so, he managed to use fragmented periods available to him to prepare a second edition of The Biology o f Mycorrhiza, which eventually appeared in 1969. Jack found Sheffield a very different type of university. In sharp contrast to Oxford, administrative authority was in a pyramid headed by a powerful Vice-Chancellor. Academically, he had to get accustomed to a situation where students and staff expected lecture courses to cover the entire subject, with no tutorials and little reliance on outside reading, a situation which he remedied. Nevertheless, he made many good friends there and left a lasting impression.
While at Sheffield, he was invited to stay for the weekend with Sir Howard (later Lord) Florey, the Provost of Queen's and P.R.S. Florey's purpose was to invite Jack to write the first draft of a report which Florey had agreed to produce on the biological faculties in Oxford in the context of increased co-operation, economy and efficiency. Jack was extremely reluctant to carry out this task but felt unable to refuse since Lady Florey died suddenly during that weekend. What later became known in Oxford as the Florey Report was in fact drafted by Jack.
Professor o f F o r e st Science at O x f o r d , [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] There was much irony in Jack's involvement in the Florey Report. Two years later, he was pressed to accept the Chair of Forest Science in Oxford, with the assumption that he would carry out some of the Report's recommendations. He was expected to bring about a re-organization so that Botany, Forestry and Agriculture were amalgamated into a single School with common teaching and a common final examination. Unfortunately, the University gave Jack no authority over staff other than those in the Forestry Department itself.
A joint meeting of the staffs of the three Departments was held. Those from Forestry and Agriculture were much in favour of amalgamation but those from Botany, who were dismissively contemptuous of the qualities of scholarship and research in the applied Departments, were unanimously hostile. So it was decided to bring about a consortium of Agriculture and Forestry, and omit the botanists.
Meanwhile, an earlier review of forestry teaching in the UK had led the University Grants Committee to decide to cease supporting the teaching of Forestry at an undergraduate level at Oxford. The General Board of the Faculties, without consulting Jack, hastily decided to abolish the existing Forestry finals but had put nothing in its place. Hence, within seven weeks of returning to Oxford, a whole new schedule of teaching and finals examinations had to be elaborated -shades of his previous return to Oxford in 1945. A new Honours course in Agriculture and Forest Science was designed which proved very successful. Numbers of students opting for this course rose substantially through the next decade, while those opting for Botany continued to remain low.
If Jack was disappointed in his attempts to re-organize the plant sciences in Oxford, his efforts in all other directions were successful and the last ten years of his career were undoubtedly the busiest. Oxford had changed the name of the chair from 'Forestry' to 'Forest Science' in the expectation that the new Professor would inject more science into Forestry. This Jack did with great zest and energy. Many of the research activities were financed by the Overseas Development Agency (where Jack had some good contacts from wartime days) and various commonwealth governments. These were consolidated into a Unit of Tropical Silviculture which developed into a considerable force in overseas research and education, with collaborative arrangements eventually with 40-50 countries. Setting these up involved travel overseas, although Jack did not allow this to detract from his duties in Oxford. He played a key role in persuading NERC to finance the Unit of Insect Virology, which had developed from T.W. Tinsley's Unit of Forest Pathology and which has now become the internationally recognized NERC Unit of Virology in Oxford. A rather poor M.Sc. course, primarily for overseas students, was radically re-organized with the help of Colyear Dawkins. The new course was highly successful and popular, attracting students from a wider range of countries than ever before.
His own experimental work continued, helped by the resurrection of the association with his old graduate student, Christopher McCready. Work included studies of mitochondria extracted from mycorrhizas and from Arum spadices (the respiration of which has some similar properties to that of ectomycorrhizas, the subject of the D.Phil. thesis of Professor Tom ap Rees). A profitable period of sabbatical research on mitochondria was spent in California with his old friends, Randy Wedding and Harry Beevers. The problem of the role of polyphosphates was explored with a number of colleagues including Graham Chilvers in Australia and Professor D.G. Strullu in France.
Despite the obstacles of distance between them and language (although Jack's spoken and written French was competent), Strullu and Jack published three papers together. Jack was keen to overcome the obstacles because he was enthusiastic to collaborate in an area which extended his pioneering work on phosphate absorption into aspects of its storage and subsequent utilization by the partners in the symbiosis. These studies involved electron microscopy coupled with electron probe analyses of the metals associated with the polyphosphate granules.
However, there were also more general administrative distractions. Jack was sensitive to Oxford's ambivalent attitude towards forestry, and so he felt obliged to accept nomination as a member of the Hebdomadal Council -the senior body of the University -as well as other committees, to show publicly that the Professor of Forest Science was a normal person and an F.R.S. to boot. His Chair was attached to a Fellowship at St John's College which he greatly enjoyed and he was pleased that it was a college which welcomed Professors taking an active part in affairs. This period also saw him very active in work outside Oxford in various ways for the Agriculture and Food Research Council, the Royal Society, learned societies, subcommittees of the University Grants Committee, research institutes and Wye College of Agriculture. He rendered incomparable service to the Lawes Agricultural Trust.
Retirem en t Jack's energies continued unabated into retirement. Gardening continued -as did the finding and classifying of clay pipes spanning three centuries, together with wells and other artefacts from the site of their house in Marston. Scientifically, perhaps the most significant contribution began when he decided in 1980 to write an entirely new book on mycorrhizas. This was to be in collaboration with his daughter Sally, now an international scientist in her own right, and with substantial experience of experimental research into different kinds of mycorrhizas from those on which Jack had worked. Although Sally was based in Australia and Jack in Oxford, the collaboration was highly successful and Mycorrhizal Symbiosis, which appeared in 1983, ranks as the most important book on mycorrhizas published this century.
A little later, he and his wife, Lindsay, decided to collect information on the incidence of mycorrhiza in the British flora, partly out of interest and partly because he was so frequently asked for information on specific plants. It took several years of going through the past literature. Also, since he had been obliged to vacate his laboratory in the Department, they examined specimens in the kitchen, clearing roots in warm solutions on the Aga cooker. Eventually, the findings were published as a substantial supplement in the New Phytologist Over aperiod of nearly 40 years , Jack oversaw what must now be considered to be a pioneering and classic series of researches into ectomycorrhizal physiology. He, above anyone else, put the experimental study of mycorrhizas firmly on the map. This is his major scientific legacy but his many other contributions in science and administration are a monument too. His forte was as a physiological experimentalist with a firm grasp of the relevance of physiological approaches to the situation in the field. He had a liking for, and was indeed seduced by, biochemistry but, although his successes in this area with mycorrhizas were limited, he did indicate many relevant questions that remain to be answered.
Jack, often with his wife, Lindsay, travelled widely, gave seminars in all quarters of the globe and met and discussed botanical science -pure and applied -with many of the contemporary giants in the fields of mycorrhizology, plant physiology and forestry. By analogy with the outcomes for the partners in Jack's field, mutualistic symbiosis, these human interactions mutually enhanced intellectual fitness of partners . . . and combatants.
As OTHERS SAW HIM Much of the above account is based on Jack's unpublished autobiography. It does not fully reflect why he was regarded by so many others with such affection and profound respect. His bluff, somewhat military style -which could make new students initially apprehensive -overlaid a very perceptive and sympathetic nature. Many of his research associates can remember how, when disaster struck in personal matters, Jack was the first to offer help, always in an unforgettably sensitive, thoughtful and common-sense way. Other collaborators remember the rapidity with which he could handle matters under pressure. D.G. Strullu recalls that, although Jack was due to leave for Australia the day after receiving a typescript from him, he immediately edited the paper in English and replied to Strullu's letter in French.
His extraordinarily broad knowledge of biology combined with a puckish and zany sense of humour made him an excellent companion. Morton's Fork was alluded to above. R.T. Wedding recounts the following incident when Jack was working in Riverside, California where he shared an office with a graduate student who was actively engaged in cultivating the acquaintance of as many of the girls in Southern California as possible. Jack took messages for the student by both telephone and personal visits and would leave a note on the nearby chalk board that this or that girl was wanting to see him. One day, when the load was extra heavy, he filled the chalk board with names ranging from Abigail to Zynthia and including made-up telephone numbers. The student took a while to be sure that his leg was being pulled.
Those Fellows who were in the Royal Society group which Jack led to China in 1975 admired the tact and diplomacy which he skilfully displayed -and enjoyed the moments of real hilarity which he engendered. He always coped well with unexpected happenings, always rising to the occasion: for example, at a dinner of the British Ecological Society which had been arranged in York and at which his friend, Roy Clapham, was to have been the special guest. Owing to an organizational mistake, Roy did not turn up since he was in Fiji helping to establish a university there. (He later claimed not to have been invited!) Just before dinner, Jack was told that he should nevertheless make a speech about him as the dinner was to honour him! As he was suffering from 'flu, he fortified himself with whisky and successfully spoke warmly of Roy and coupled his name with other absent friends and anecdotes about them. The hall was filled with laughter.
His service to the Agricultural Research Council revealed him to be an exemplary Chairman of Visiting Groups to Institutes: always courteous but invariably business-like and incisive, controlling discussions exceptionally well. He would take much trouble to become familiar with all parts of an Institute's research programme and was quick to recognize good ideas and experimental work, shrewd in his identification of less productive activities, yet nearly always helpful and generous in understanding the personal anxieties of individual scientists. His kindly manner could, however, sometimes crack when faced with intolerable pomposity. He was a much respected member of university, Royal Society and research council committees. Sincere and forthright in expressing his invariably perceptive and well thought-out views, he nevertheless appreciated being 'stood up to' in discussions, provided arguments were good. However, he was not someone easily dislodged from a position he believed to be justified. He was impatient with distinctions between pure and applied research and particularly encouraging to those who had a capacity not only to make original scientific discoveries, but to see them through to practical application for the public good. His breadth of knowledge and practical skills were astonishing and made one feel that he would be equally at home showing a farm worker how to reverse a trailer or explaining to a student the biochemistry of a respiratory pathway. In either case the experience would be unforgettable.
It must be said that, whereas Jack got on famously with many people, he did not get on at all with certain others. In some cases, as noted above, this was because he was reacting against an element of vanity or of the poseur; in other cases, it appeared that some had been 'written off' completely for no very good reason -or merely for a minor contretemps. Such 'written-off' persons understandably reacted against him! What made him such a good teacher of research students? Added to the qualities mentioned above was his own memorable approach to research. He was very firmly a 'hands-on' experimentalist with a liking for home-made or home-invented apparatus where appropriate. He was thorough and rigorous in the design of experiments, a penetratingly good critic and interpreter of results, yet his attitude was always leavened with zestful, light-hearted humour and a boyish enthusiasm for experimental work. As a supervisor, he aimed to produce an independent scientist, not a technician. He did not do this by the sink or swim method but always managed to make his students do their damnedest to solve problems themselves. Then when they couldn't, he would suggest a solution and disappear. Three weeks later he would enquire what was happening, which was following up his ideas, and then congratulate them on arriving at the right answer! If things went wrong he took the blame; when research went well the student got all the credit.
However, his enthusiasm for the experimental approach could make him a menace in the laboratory. Tom ap Rees recalls his trying to read manometers when they were still shaking, such was his impatience to see if CO inhibited beech root respiration, and also, particularly,
